
CaseRef: 12686ID 



GLASS?(iii#tXATIVE AND FIXING PROCESS 

5 Background to the Invention 

This invention relates to an fixative for glass fibers and to a glass fiber fixing 
process The fixing process and fixative enable glass fibers such as are commonly 
used in optical communications components to be fixed in position with a hermetic 
10 seal. 

Optical fibers are relatively thin, fragile strands of glass along which an optical signal 
propagates. For example, see Fig. 1 of the accompanying drawings for a cross- 
section of a typical optical fiber. An optical fiber 2 typically comprises an glass fiber 
1 5 core 4 covered by a glass cladding material 6. Typically a primary coating 8a, and 
secondary outer coating 8b are then used to protect the fiber. The outer coating 
protects the glass fiber and increases the robustness of the optical fiber. 

These outer coatings are typically formed from polymeric materials which have low 
20 melting points relative to the glass cladding and core, for example acrylic matenals 
and materials such as thermoplastic polyester, for example Hytrel- Before the 
optical fiber can be bonded to another surface, the outer coating must be removed 
to expose the optical fiber core in the region in which a bond is to be formed. This 
enables a stronger bond to be formed between the glass fiber material and the other 
25 surface element to be bonded. 

Forming a strong bond between an optical fiber and an optical component is 
important as many optical components are subject to vibration. Several problems 
are associated with the bonding process between a glass material and a non-glass 
30 material generally, and the high design specifications for optical components 
exacerbate these problems. 

For example, temperature variations require any bond formed ideally to match the 
thermal coefficients of expansion of the optical fiber and the bonded part to niitigate 

35 thermal stress on the optical fiber. Determining the composition of a glass fixative 
having a sufficiently low melting point to enable an optical fiber to be bonded to a 
non-glass material without deforming the optical fiber, having a desired thermal 
coefficient of expansion, and good adhesive properties to both the silica of the 
optical fiber and the non-glass material is a difficult and complex task. Alternative 

40 processes using solder compounds such as Sn/Pb alloys were employed instead. 
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Most optical components include parts which have a non-glass compos.t.on. For 
example, metallic materials such as Kovar. One known method of bonding glass to 
such metallic materials requires the glass fiber to be metalised. The metal.safon 
5 process required a fiber to be stripped to its core and given a metallic coating 
consisting of a bonding layer and a soldering layer. This enables bonds between 
the metalised glass fiber and the Kovar material to be soldered. 

Metallisation processes have several disadvantages. The fibers have to have their 
10 adhesion verified and any masking material used must be removed. Such 
metallisation processes are time consuming and the f-^er strength can be 
significantly reduced as a result (typically for example by 30 /o). Other 
disadvantages include the extensive handling of fibers required by such processes 
and the associated high fiber breakage rate, and the capital expenditure on plant 

15 required by such processes. A further disadvantage of metalisation processes for 
fiber fixing is that the soldering process can leave behind potentially corrosive 
fluxes The preparation of the fibers for metallisation and soldering is moreover 
time-consuming Yet another disadvantage of fiber fixing using metalisation 
processes is that no reworking is possible during either the metalisation or soldenng 

20 stages. 

in complex optical components, a further problem is the necessity of P^-;^"t;"9 Pre- 
existing bonds from being degraded when subsequent bonds are formed in the near 
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vicinity. 



The bonds mus. be sufficiently strong and intact fonr, a hernnetic seal between the 
optical flber and te,e corresponding portion of the optical •=°-P°"!" f J'^^J 
interior of the optical component from the external atmosphere. This enables the 
atmosphere within the optical component to be isolated and for 
30 or pure air atmospheres to be used. Moreover, the mcs^ure content of the ,n enor 
can then be controlled. It is thus important for any bond formed to be sufficient 
strong to retain the hermfticity of the seal when subject to thermal stress and/or 
vibration and/or shock. 

35 Summary of the Invention 

one Object of the present invention seeks to obviate or mitigate the ^''""^ P™"^^^^ 
associated with conventional fiber fixing processes by providing a glass fiber fixing 



process. 
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Another object of the present invention seeks to obviate J^^'^^'^'''^^^^^^ 
problems associated with conventional fiber fixing processes by prov.d.ng a glass 
fiber fixative having a desired composition. 

Another object of the invention seeks to provide a glass preform composed of the 
glass fixative. 

Yet another object of the invention seeks to provide a bond formed from a glass 
preform. 

Yet another object of the invention seeks to provide a means of localizing heat in the 
formation of a glass bond between a glass element and a non-glass element. 

Yet another object of the invention seeks to provide an optical component containing 
15 at least one glass bond. 

A first aspect of the invention provides a method of bonding a glass material 
element and a non-glass material element using a ^'^^^^^f ^^^^^ .^^ 
r^ethod comprising the steps of: providing a glass preform for bonding the glass 
20 material and the non-glass material; heating the preform to m^lt the P-^-. 

forming a bond with melted glass from the perform, the bond forming between the 
glass material element and the non-glass material element. 

Preferably, in the step of heating the prefomi. a source of heat localized to the 
25 vicinity of the bond is provided to melt the preform. 

in the step of heafing the preform, the non-glass material element may generate 
heat Which melts the preform. An induced current may fiow in the "on-g ass ^^^^^^^ 
element in the region of the preform, the induced current generating sj^^o^nt ^eat 
30 to melt the preform. An induction heater may be positioned .n the vicinity of the 
bond so as to cause induction currents to fiow in the non-glass materia, which melt 
the preform. 

Alternatively, in the step of heating the preform, a laser heater is provided to heat 
35 the glass preform until the glass preform melts sufficiently to form a bond. 

,n the case where the glass material element is a glass fiber, the method may 
further include the step of removing non-bonding material from the surface of an 
optical fiber to expose a portion of glass fiber to be bonded. 
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Preferably, in the step of forrning .he bond the preform is heated to a "7,^", 
the range 280°C to 480«C. More preferably, in the step of forn>,ng the bond the 
prefomi is heated to a temperature in the range 320=0 to 370°C. 

5 ,n this manner the glass perform is sufHcientiy meited to flow, in the «se where an 
cptioal fiber is to be fixed in position within a tube element, the glass ,s melted 
sufficiently to flow in a capillaiv manner between the fiber and the tube. 

A seoond aspect of the invention seeks to provide a glass fixative for bonding glass 
10 . elements to non-glass elements, the fixative having a composition ,nclud,ng a lead 

oxide. 

The glass fixative may further include a. least one taken from the group induding: 
lead fluoride, and an oxide of: niobium, copper, bismuth, iron. z,nc. ..anmm. 
15 aluminum, boron, silicon, and calcium. 

Preferably the glass fixative has a composition including lead fluoride and an oxide 
" of the following: lead, niobium, copper, bismuth, iron. z>nc, t.tan.um. 
aluminum, boron, silicon, and calcium. 
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Preferably, the oxide of titanium is titanium dioxide. 

Preferably the glass fixative composition includes the following: PbO; PbF.; Nb.Os; 
CuO; Bi,03; Fe^Oa-. ZnO; TiO,; AI.O3; B.Oa; SiO,; and CaO. 

More preferably, the glass fixative composition includes the following constituents in 

the following proportions: „„, ^ . „,,„,. r..n n 5 %wt to 

PbO 60 %wt to 6S%wt; PbF, 2%wt to 6%wt; Nb,Os 2«/.wt to 5%w<. 0"° ^^J^ 
1 5%wf Bi.O, 6%wt to 7%wt; Fep, 2%wt to 3%wt: ZnO 2%wt to 3%w. T,0, 5 -iwl 
,0 7 %wt; klA 0.1 %w. to 0.3%wt: B3O, 2%wt to 3%wt; SiO. 0.1%wt to 0.4/owt. 
and CaO 1 to 1 .5 %wt. 

The glass fixative may have a melting point less than 500<>C. Preferably, the glass 
Latirhas a me^^^ .ess than 480^C. More preferably, the glass fixafve has 

35 a melting point between 280<'C and 41 0°C. 

Preferably, the glass fixative has a soflening point around 320-C to 370'C^ 
glass fixative preferably has a glass transition temperature between 280 C and 

300X. 
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Preferably, the glass fixative has a thermal coefficient of expansion of 6 to 8 
p.p.m/°C. 

5 A third aspect of the invention seeks to provide a fixative preform for bonding a 
glass material element to a non-glass material element, the preform having a 
composition including lead oxide. 

Preferably, the fixative perform further includes at least one taken from the group 
10 including: lead fluoride, and at least one oxide of: niobium, copper, bismuth, iron, 
zinc, titanium, aluminum, boron, silicon, and calcium. 

Preferably, the fixative perform composition includes the follov^ing: PbO; PbF,; 
NbaOs; CuO; B\,0,- Fe^Oa; ZnO; TiO^; AI2O3; B2O3; SiO^; and CaO. 

^ ^ Preferably, the fixative perform composition includes the following constituents in the 

following proportions: ^ ^ ^ ^ x 

PbO 60 %vA to 650/ovrt; PbF. 2%wt to 5%wt; Nb,Oa 20/owt to 5%wt; CuO 0.5 %vv^ to 
1 50/owf Bi.03 6%wt to 70/owt; Fe.03 2%wt to 3%wt; ZnO 2%wt to 3%wt; T.O. 5 /owt 
20 to 7 o/owt; ko3 0.1 %wt to 0.3%wt; B.O3 2o/owt to 3%wt; SiO. 0.1%v^ to 0.4o/owt; 
CaO 1 to 1 .5 %wt. 

The fixative preform may further include at least one substance taken from the 
group including: nickel, cobalt, kovar or magnetite. 

The fixative preform may alternatively include at least one substance taken from the 
group including: carbon black, graphite, and black metallic oxides. 

A fourth aspect of the invention seeks to provide a glass material bond fomied 
30 between a glass material element and a non-glass material element. The glass 
material bond is formed using the glass fixative described above. 

Preferably, the glass material element is an optical fiber. 

35 The non-glass material element may have a metallic characteristic and preferably 
has a ferromagnetic or ferromagnetic characteristic. 

Preferably, the composition of the glass fixative is as described above. 



40 Preferably, the bond is hermetic. 
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A fifth aspect of the invention seeks to provide an optical component containing a 
glass bond, the glass bond having the features described herein. 

The invention exploits the ferromagnetic characteristic of materials such as Kovar to 
used induction heating as a means of locally heating a glass preform provided to 
bond a glass material element in an optical assembly and a non-glass matenal 
element. The induction heating advantageously enables the preform to melt to form 
a hermetic seal between the ferromagnetic material and glass matenal without 
unduly heating other portions of the optical assembly. 

The use of a glass fixative for forming hermetic seals is advantageous as this 
removes the need to metalise optical fibers. This is advantageous as it obviates the 
weakening of the optical fibers associated with the metalisation process. 

Advantageously, the glass fixative enables a relative strong bond to be formed 
between the optical fiber and another bonding element, which retains the optical 
fiber in a compressive state. When the glass fixative is used to fix a glass element 
to a metallic element, in particular to a ferromagnetic element, a localized induction 
heating process can be used to melt the glass fiber fixative. 

The composition of the glass fixative is selected so that the thermal expansion 
coefficient, viscosity, adhesive characteristics and melting point of the glass fixative 
fall within desired ranges. The ability to select the softening and melting points of 
the glass fixative is advantageous. A series of bonds can be formed in restively 
25 close proximity to each other, providing the melting point of each successive bond is 
■ sufficiently raised above the temperature at which eariier bond(s) soften^ The 
formation of a series of bonds in the vicinity of each other is further enhanced when 
localized heating is used to melt the glass preforms fonning the bond. 

Advantageously, the glass fixative may melt at a temperature below 400°C. Such 
low processing temperatures and localized heating help to mitigate damage to the 
nearby fiber coating, particulariy when the coating is formed from a plastic matenal 
such as acrylic and Hytrel™. 

Advantageously, localized heating to be provided such that forming a subsequent 
bond in the vicinity of an eariier bond results in less themial stress on the eariier 
bond. The localized heating method results in the optical bond stressing the optical 
fiber such that it is bonded in a compressive state. This enhances the ability of the 
bonded fiber to withstand shock and vibration. 
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Advantageously, the glass preform can be stamped into an annular shape to 
facilitate positioning of the glass fixative around the optical fiber to be bonded. 
Advantageously, the melting point of the glass perform and the v.scos.ty of the 
molten glass are sufficiently low to enable the melted glass to flow to form an 
extended bonding area. 



Brief Description of the Drawings 

For a better understanding of the invention and to show how the same may be 
10 carried into effect, there will now be described by way of example only, specfic 
embodiments, methods and processes according to the present invent.on with 
reference to the accompanying drawings in which: 

Fig 1 sketches a cross-section of an optical fiber; 
1 5 Fig'. 2 sketches a fiber fixed in position relative to an optical component according to 

the invention; 

Fig 3 illustrates steps in a glass fixing process; and , . ^. o 

Fig 4 is an enlarged cross-section of the glass fixed fiber joint illustrated m F.g 2 
and illustrates how an induction heater can be used as a localized heating source. 
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DETAILED DESCRIPTION OF PREFERRED ElVIBODIMENTS 

25 There will now be described by way of example the best mode contemplated by the 
inventors for carrying out the invention. In the following -"^^^IJJ 
specific details are set forth in order to provide a thorough ""derstandmg o the 
present invention. It will be apparent however, to one skilled .n the art. that the 
present invention may be practiced without limitation to these specific deta.te^ In 

30 other instances, well known methods and structures have not been descnbed m 
detail so as not to unnecessarily obscure the present invention. 

Referring now to Fig. 2 of the accompanying drawings, a glass element here an 
optical fiber 10 is bonded by a glass fixative bond 12 to a non-g ass matenal 
35 element, here a hypo tube 14. The hypo tube.14 is comprises a "^-g'^^ "^^^ 

for example Kovar. which is a nickel/iron alloy. In other embodiments of the 
invention other materials may be wish to be bonded to the optical fiber. 

The hypo tube 14 is bonded to walls 16 of package 18. either using another glass 
40 fixative or a solder bond 19. Within the package 18. the optical fiber 10 extends 
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be the source of support in alternative embodiments. 

material element ar,d non-glass material element which are to be fixed. 

.he Charaoterlstlos ot the .ass ..Ive .r ^-"^-^ 
,u,e ,4 were selected ^^^^^'l^^Z^Zl'^^^^ 

hennetlc, strong, resilient and matches the tnerma | ,„„ ,„ enable 

the glass of the optical fiber and the Kovar -^'^^'^^^'r^atng the tube. The 
the bond to fom, by melted glass flowing m a oap^lary <"^""^'^°2Z^ 
glass fixative also has good adhesion to the glass fiber and the Kovar tube. 

.he composition of a suitable glass f«..e is b.ed ^^^^ J 
based glass has a low melting point glass 500 o. y 

seal in ambient atmospheres dunng use. 

Whilst the melting temperature of the glass fixative ^ ^ -;:trirdUsnot 

3f;r:ri.;rn:rtru^^^^^^^^^^^^ 

coat ng, for example, acrylic or nyuci , ranne 280°C 

Ideally therefore, the flow temperature of the glass fixative lies ,n the range 

40 to410°C. 
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Res.Hc„n. .he process., .e.pe..u.e ^ ^l^^;::^ Z::::^'^^^ 
nia^^ fixative to a relatively narrow range, as many glasses oo noi net 
1 "binrn Of a .eUlng point In .Ns range ,oge.her with a sufnoien.,y low v,scos,.y 
5 and adhesion to the Kovar or glass fiber. 

To provide a glass fixaSve selected with a softening point around 320-C to 370-C 
I d l glass transition temperature between 280-C and 300-C, the composition of he 
olass Live is lead oxide based. This temperature range enables glass fxahve to 
10 tw sufflc Int y to bond to both the Kovar tube 14 and silica fiber 10 w,.hout thermal 
dam;g"rby polymeric components such as a ac^lio primary coa«ng and a 
hZ™ econda^ coaUng on the fiber 10. To ensure that the Kovar tube p., can 
be soldered subsequently to the package walls 16 without damage ,o the gla s 
to 1 bond 12, the softening point temperature and glass transition temperature are 
1 5 TetL to be higher than the refiow processing temperature of eutectic t,n/lead 

so deXpically 220«C,. ^is enables the Kovar tube pin. to retain s herm sea, 
when subieced .o subsequent assembly steps (i.e.. the glass bond 12 remains 



intact). 



To ensure that a stable compressive, hemietic seal is fomted by the glass tofive 
I ou^dTe fiber 10 In the Kovar hypo tube 14, the themta, expans^r, — 
(TEC) of the glass flxaUve must match that of the Kovar ( 6 MK 1 (6 to 
r!mVc) F^r a silica optical fiber, the TEC is typically 0.6 to 2 p.p.m.rC. If the 
30 TECS caL be sufficients matched by the glass fixative, then when the whoe 
IpS,l asserl-^y Is cooled down after processing, the optical fiber may be damaged 
and/or the hemiioity of the seal broken. 

Generally glasses which have low melfing points such as are required by the 
35 fn!e * have much higher TECS. This is overcome by the -lusion °f a TEC 
modifying substance such as niobium fitanate which owe. . TEC <o ;;d s,re^ 

aT^cr^rarfiir: iL.a::dr^^^^^^^ 

ZTT^^Z^^ Jr^ a tec around 3 MK-1, are added in su^uen 
40 qualles. For example, filler partides may be included a. the level of a 20-55/. 



volume fraction to the glass preform particles. The particle size distribution is 
typically centered around 5 microns. 

In one embodiment of the invention, the glass fixative composition includes filler 
5 particles based on magnetite (Fe,^. The magnetite reduces the TEC of the glass 
fixative and increases the ferrimagnetic coupling to the RF induction heating. This 
improves the thermal processing of the low melting point glass. 

In other embodiments, metal fluorides such as PbF, are added to the glass fixative 
1 0 to aid wetting of the glass to the silica glass fiber and Kovar by a fluxing action. This 
lowers the melting temperature of the fixative and removes metal oxides from the 

Kovar surface. 

The selected composition of the glass fixative provides a TEC in the range 6.5 to 8.5 
15 p.p.m/°C. 

The glass fixative used to form a glass bond between a ferromagnetic metallic 
element and a glass element such as the Kovar tube 14 and the optical fiber 12 of 
Fig 2 has the following composition: PbO 60 %wt to 65%wt; PbF, 20/owt to 5o/owt; 
20 Nb.Os 20/owt to 5%wt; CuO 0.5 %wt to 1 .5o/owt; Bi.O, 6%wt to 7%wt; Fe^O, 2%wt to 
3%wf ZnO 2%wt to 3%wt; TiO. 5%wt to 7 %wt; Al.Oa d %wt to 0.3%wt: B,0, 
2%wt'to 3%wt; SiO. 0.1%wt to 0.4%wt: CaO 1 to 1.5 %wt. Slight modifications to 
the above composition may be made to bond an optical fiber to other non-glass 
substances. 

25 

In a specific embodiment of the invention provided glass fixative having the 
composition of: PbO 62.5o/owt.; PbF. 3.5%wt; Nb,0. 3.5%wt; CuO 1%wt; Bi.03 
6.5%wt; Fe,03 2.5%wt; ZnO 2.5%wt; TiO. 6%wt; Al^Oa 0.2%wt; Bip, 2.5 /o wt; S.O^ 
0.25%wt; and CaO 1.25%wt. 

30 

Referring now to Fig. 3. the process steps in forming glass bond are described In 
Fig 3 a method of forming a bond between a glass element and a non-glass 
material element such as an optical fiber and an adjacent surface of a kovar hypo 
tube is described. The method requires a glass surface to be bonded. Therefore. 
35 prior to bonding the optical fiber to the kovar hypo tube, removal of the po^menc 
coating(s) must be completed to expose the glass the fiber core. Typically, the fiber 
core is exposed for approximately 5mm from the joint region. 

A glass preform comprising a glass fixative having a composifion as described 
40 above is then provided in an appropriate position to enable a bond to be formed 
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between the exposed glass fiber and the Kovar hypo tube. The glass preform 
comprises the glass fixative described above in a compressed format so that the 
fixative retains its shape. The preform may be formed under slight pressure. 
Typically, therefore the preform provides a compressed agglomeration of low 
melting lead oxide-based glass particles such as previously described. 

The preform is positioned on the surface of the glass fiber so that when the preform 
is heated then melted, the molten glass flow between the glass fiber and the Kovar 
in the appropriate place. In practice, the optical fiber is threaded through the Kovar 
tube and an annular glass preform until the glass preform is positioned adjacent to 
the Kovar tube. However, other shapes of preform may alternatively be used. 

Th« preform is heated by suitable localized heating means, for example, an 
induction heater can be used for bonding the optical fiber to a ferromagnetic matenal 
such as Kovar. Referring now to Fig. 4, the fiber/hypo tube joint assembly 30 is 
placed within jaws 32 a, b of an induction heater. The jaws 32 conform sufficiently 
to the shape of the hypo tube surface to enable inductive currents to be generated 
within the Kovar tube. Typically, currents of 12 mA are cycled through the Kovar 
material for 10 to 15 seconds. These currents generate sufficient heat to melt the 
glass preform so that a strong adhesive bond is formed between the glass fiber and 
a portion of the interior surface of the Kovar hypo tube. The glass preform flows 
along the tube as it melts, thus enabling a relatively large bonding area to form. 
Typically, if the capillary gap between the glass fiber and the inner walls of the hypo 
tube is / then the capillary action extends the bonding area up to around 3/ along 
the direction of the hypo tube axis. This relatively large bonding area provides a 
high level of support to the fiber. 

A fast localized heating mechanism is desirable as it prevents damage to the 
polymeric fiber coating material during the bonding process. Other fast heat 
methods can be employed however, providing these can be sufficiently localized, for 
example, laser heating. Laser heating methods can be used to bond glass to 
materials which are not suitable for inductive heating methods. 

Laser heafing effects can be enhanced by incorporating substances in the glass 
fixative which enhance the absorption of the lasing radiafion. For example, carbon 
black, graphite, or black metallic oxides can increase the glass coupling to CO^, 
NdA'AG and semiconductor laser heating sources. 

When a glass element is to be bonded to a metallic or ferromagnetic material such 
as Kovar, induction heating is utilized in the best mode contemplated by the 
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inventor At least the portion of the tube and fiber to be bonded are positioned in an 
induction heater. The induction heater provides a suitable induction current which 
induces current flow in the surface region of the metallic material. The amount of 
heat generated depends on the type of metallic material and the strength of the 
5 . inductive currents produced in the surface region of the metallic matenal. 

Heat generated by the induced currents melts the glass preform and the molten 
glass is able to flow to form a suitable bond. As Fig. 4 shows, the glass melts and is 
drawn along the tube in a capillary manner so as to form an elongated seal around 
10 the optical fiber. As the glass fixative cools it forms a hermetic, compressive seal 
around the optical fiber which bonds the optical fiber to the adjacent Kovar matenal 
of the tube. Typically cooling cycles take 10 seconds. 

The inductive heating effect can be increased by doping the glass preform itself with 
15 ferromagnetic or ferrimagnetic substances. For example, nickel, cobalt, kovar or 
magnetite (FesO,) can be added to the preform to increase the inductive coupling 
and reduce the heating cycle times below 1 5 seconds. 

In one embodiment of the invention, the induction heater comprises an inducting coil 
20 which generates a square pulse of 250-280mA which is generally applied for 10-12 
seconds. These conditions are sufficient to heat up, melt the glass preform, wet the 
Kovar tube and silica fibre and form the hermetic seal. 

One specific embodiment of an induction heater comprises an internal coil having a 
25 diameter of 3mm and a coil depth of 1.5mm. The internal coil is used to locahze 
heating at the tip of the jaws 32a. b. in the vicinity of the preform. The Kovar tubes 
are clamped in a non-ferrous jig to ensure that heat is not able to transfer to the 
plastic fiber coatings. The Kovar tubes are heated in multiples, for example batches 
of 6 tubes can be heated for 12 seconds. This is an extremely fast process over 
30 known processes such as. for example, the time to form a soldered metalised joint 
which is typically one minute per joint. 

The frequency of the induction heater is tuned to 96kHz and heat is localized at the 
tip of the jaws 32a, 32b in the vicinity of the preform. Temperatures around 350 C 
35 are reached using 32kW of power and 1 2 seconds of applied cun-ent. 

One embodiment of the invention enables a series of glass bonds to be formed. For 
example both the first bond 12 and the second bond 19 sketched in Fig. 2 can be 
formed from glass fixatives. In Fig. 2, the first bond is a standard hermetic bond 
40 between the optical fiber 12 and the Kovar hypo tube 14. The second bond 19 seals 
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the hypo tube 14 within the package 18. This bond ensures that the optical fiber 10 
is aligned with the laser chip 22 within the package 18. To ensure that the formation 
of the second bond 19 does not damage the first bond 12, the composition of the 
second glass fixative is modified from the composition of the fixative used to form 
5 the first bond 12 to ensure that the melting temperature of the second glass fixative 
is sufficiently high above the softening temperature of the first glass bond. 

Several advantages are provided by using a glass fixative instead of a solder. 
These include the removal of the necessity to metallize the opfical fibers and the 
10 ability to form strong bonds in a fast and efficient manner, as well as the ability to 
rework the bond by softening the fixative. 

It is to be understood that modifications and variations can be made to the above 
description of the invention which have not been explicitly described hereinbefore 
15 but which nonetheless are apparent to the person skilled in the art. The scope of 
the invention is therefore not to be determined by the above description alone but is 
instead determined by the accompanying claims when construed in conjunction with 
the accompanying drawings and foregoing description. 
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